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doi:10.1016/j.ejvs.2010.11.001Abstract Objective: Angulation of the proximal aneurysm neck has been associated with
adverse outcome after EVAR. We aim to investigate the influence of angulation on early results
when using the Endurant Stentgraft System.
Methods: A retrospective analysis of a prospective multicentre database identified 45 elective
patients treated with the Endurant stentgraft with severe angulation of the proximal neck,
which were compared to a control group without significant angulation. Endpoints were early
technical and clinical success, deployment accuracy and differences in operative details.
Results: Mean age was 74 with 86.4% males. Mean infrarenal angle (b) was 80.816 and mean
suprarenal angle (a) was 51.421. Patients in the angulated group had larger aneurysms
(mean 309 cc vs. 187 cc), shorter necks (mean 27 mm  14 vs. 32.6 mm  13) and 74%
(vs. 56%) were ASA III/IV. Technical success was 100%, with one patient requiring an unplanned
proximal extension. No differences were found regarding early type-I endoleaks (0% vs. 0%),
major postoperative complications (6.7% vs. 6.2%; p Z 0.77) or early survival (97.8% vs.
96.9%, p Z 0.79). Distance from lowest renal artery to prosthesis was 2.4 mm  2.7 vs.
2.3 mm  4.8, p Z 0.9. Operative details were equivalent for both groups.
Conclusions: Treatment with the Endurant stentgraft is technically feasible and safe, with
satisfactory results in angulated and non-angulated anatomies alike. No sealing length was lost
in extremely angulated cases, confirming the device’s high conformability. Mid- and long-term
data are awaited to verify durability, but early results are promising and challenge current
opinion concerning neck angulation.
ª 2010 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.Bastos Gonc¸alves, Erasmus University Medical Center, Gravendijkwal 230, 3015 CE Rotterdam,
7.
erasmusmc.nl (F. Bastos Gonc¸alves).
ty for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
194 F. Bastos Gonc¸alves et al.Introduction
Endovascular aneurysm repair (EVAR) has become
commonplace for abdominal aortic aneurysm (AAA) treat-
ment across the world. Originally reported in 1991,1,2 for
long it was only considered a safe alternative to open repair
in face of favourable anatomy. Over the years, many
technical and technological advances have been intro-
duced, with progressive improvement of results. Conse-
quently, EVAR has emerged as an alternative to open
surgery for anatomically less suitable patients.
Proximal neck anatomy is considered a major limiting
factor when determining suitability for EVAR. In particular,
implantation of endografts in patients with very angulated
proximal neck anatomy resulted in considerable technical
problems during the procedures and adverse short-term
clinical outcomes.58 The Endurant endograft (Medtronic
AVE, Santa Rosa, CA, USA) is a late-generation device for AAA
repair that has been specifically designed to conform to
more challenging anatomy. Together with its easy-to-handle
and precise delivery and deployment system, it may indeed
be better suitable to treat high-risk AAA patients with chal-
lenging anatomy.
We hypothesise that severe proximal neck angulation
has no influence on early post-EVAR results when using the
Endurant Stentgraft System.
Material and Methods
We designed a case-control study to demonstrate the early
efficacy and safety of EVAR in severely angulated proximal
aneurysm necks, using the Endurant Stentgraft System. This
was based on the review and analysis of a prospective
database from three high-volume centres in the Netherlands
(AZ-Nieuwegein, UMC-Utrecht and EMC-Rotterdam).
Patient selection
From May 2008 to December 2009, 418 AAA patients were
treated in the three centres, of which 271 patients were
elective implantations with the Endurant Stentgraft System.
Selection of patients for endovascular repair, open repair or
no treatment was individualised, taking into consideration
anatomical features, health status, history of previous
abdominal surgery (hostile abdomen) andpatient preference
(informed consent). In general, patients with severe angu-
lation (>90) and short (<10mm) orwide (>32mm) proximal
necks were considered unsuitable for endovascular repair
and offered either open repair or observation. However, in
our experience, short proximal necks are rarely seen
together with severe angulation. All subjects with angulated
proximal anatomy selected for endovascular treatmentwere
implanted consecutively with the same device.
Patients with infrarenal angle (b)> 75 and/or suprarenal
angle (a) > 60 combined with neck length of 15 mm, or
b > 60 and/or a > 45, if neck length > 10 mm, were
included. Based on these criteria, we treated 45 patients
(16.5% of all elective operations using the Endurant device).
These cut-offs correspond to the limits of proximal neck
angulation allowed by the Instructions for Use (IFU) for this
endograft. Twenty-three patients (51.1% of the angulatedgroup) were included only due to b angulation, 14 (31.1%)
were included due to both a and b angulation and 8 (17.8%)
due to a angulation.
The control group was selected from the sample of
elective infrarenal EVARs using the same device during the
same time period. For homogeneity, patients with neck
length <10 mm or neck width >32 mm were excluded. We
also excluded patients with previous aortic surgery. This
population was than matched for baseline characteristics,
resulting in a non-angulated matched control group of 65
patients. Anatomic characteristics were not corrected for,
to reveal possible differences between groups.
Image analysis and angulation measurements
All measurements (diameter, length and volume) were per-
formed using a workstation with dedicated reconstruction
softwareandcentre lumen line (CLL) reconstruction (3Mensio
Medical Imaging B.V., Bilthoven, the Netherlands). Measure-
ments and data entry were performed at the time of surgery
for every patient. Three trained physicians (AD, JK and FG),
one from each centre, performed all themeasurements using
a standardised method that has been previously described
and validated.3 Briefly, analysis of the tridimensional image
of the aorta is turned 360 in a perpendicular fashion to the
middle of the CCL flexure (Fig. 1). The sharpest angle is
considered the true angle of the aortic axis. The angles
between the suprarenal aorta and the aneurysm neck (a) and
between the aneurysm neck and sac (b) were measured.
After CLL reconstruction, subsequent measurements
were performed. The length of the proximal neck was
defined as the distance between the origin of the lower-
most renal artery and the start of the aneurysm. Volumes
were acquired for both neck (first 10 mm) and total aneu-
rysm (up to bifurcation). All patients performed a post-
operative computed tomography angiography (CTA) within
30 days from the date of surgery, and measurements were
again performed after CCL reconstruction.
Endpoints
The primary endpoint is combined early technical and
clinical success. Technical success was defined as the
ability to adequately deploy the endograft in the intended
position and complete the endovascular procedure without
complications. Clinical success was defined as the absence
of any significant intra-operative, 30-day or in-hospital
morbidity.
Secondary endpoints were the distance from the lowest
renal artery to the first graft-covered segment of the
endoprosthesis (measured by CLL reconstruction images
from the first postoperative CTA) and operative details,
namely duration of the procedure, contrast use and radia-
tion exposure. Analysis of planning details, particularly the
degree of oversizing, was undertaken to detect differences
in planning between groups.
Statistical analysis and reporting standards
Means (standard deviation, SD) were used to describe
continuous variables. Absolute numbers and percentages
Figure 1 Measuring a (top) and b (bottom) angles using a centre lumen line. First find the perpendicular plane to the corner of
the angle. Than rotate 360 on the axis of the perpendicular plane and select the greater angle formed by the axial lines above and
below the selected plane.
Severe Proximal Aneurysm Neck Angulation 195were used for categorical factors. For continuous variables,
differences between groups were analysed using Student’s
t-test and significance with the independent samples test.
Categorical variables were compared using Pearson’s chi-
square test. The 95% confidence intervals were used and
statistical significance considered if p < 0.05. All statistical
analysis was performed using Statistical Package for Social
Sciences (SPSS) 17.0 (IBM, Chicago, IL, USA). Reporting was
done according to the guidelines from the Society for
Vascular Surgery/American Association for Vascular Surgery
(SVS/AAVS) ad hoc Committee for Standardized Reporting
Practices in Vascular Surgery.4Table 1 Baseline characteristics.
Baseline characteristics Angulated (N Z 45
Age, mean (SD) years 75.6 (6.5)
Male gender, no. (%) 36 (80.0)
Smoking, no. (%) 32 (71.1)
Hypertension, no. (%) 25 (55.6)
Cardiac disease, no. (%) 22 (48.9)
COPD, no. (%) 14 (31.1)
Diabetes, no. (%) 6 (13.3)
Renal disease, no. (%) 16 (35.6)
Cerebrovascular disease, no. (%) 4 (8.9)
PAOD, no.(%) 11 (24.4)
ASA class III/IV, no. (%) 33 (73.3)
SD e Standard Deviation; COPD e Chronic Obstructive Pulmonary Disea
Society of Anaesthesiology).Results
Clinical baseline characteristics are presented in Table 1.
Mean age was 73.9 (SD:7.9) with 86.4% male predominance.
Individually, there were no significant differences in co-
morbidities between both population groups. However,
patients within the angulated group were more often
classified as American Society of Anaesthesiology (ASA)
class III and IV when compared with controls. Applying the
Glasgow aneurysm score, 67% of patients in the angulated
group were considered high-risk for open repair (79 points
or more).) Non-angulated (N Z 65) P value
72.7 (8.5) 0.49
59 (90.8) 0.11
51 (78.5) 0.38
35 (53.8) 0.70
27 (41.5) 0.45
13 (20.0) 0.18
15 (23.1) 0.20
20 (30.8) 0.60
12 (18.5) 0.16
15 (23.1) 0.87
43 (66.2) e
se; PAOD e Peripheral Artery Obstructive Disease; ASA (American
Table 2 Anatomic characteristics.
Anatomic characteristics Angulated (N Z 45) Non-angulated (N Z 65) P value
AAA Ø, mean (SD) mm 68.6 (14.2) 58.8 (7.6) <0.001
AAA volume, mean (SD) cc 309.5 (30.1) 187.4 (8.2) <0.001
Proximal neck Ø, mean (SD) mm 25.2 (4.2) 25.5 (4.5) 0.71
Proximal neck length, mean (SD) mm 27.2 (14.8) 32.6 (13.1) 0.05
Neck thrombus >25% of circumference, no. (%) 8 (17.8) 10 (15.4) e
Neck calcification >25% of circumference, no. (%) 3 (6.7) 1 (1.5) e
a Angle, mean (SD) degrees 51.4 (21.1) 17.9 (17.0) <0.001
b Angle, mean (SD) degrees 80.8 (15.6) 35.4 (20.0) <0.001
Ø e diameter; a e suprarenal; b e infrarenal.
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presented in Table 2 and Fig. 2. In all patients with significant
a and b angulation, the a deflection was opposite the
b deflection, resulting in an ‘S’- or ‘Z’-shaped neck. Two
patients had an additional infrarenal ‘C’ shape. In these two
cases, only the most proximal infrarenal angle was consid-
ered and assumed as the b angle. The configuration of the
infrarenal neck differed significantly between the angulated
and non-angulated groups, as demonstrated in Fig. 3. The
first group had amore diverse sample of neck configurations,
and was more likely to have a non-cylindrical (hence, less
favourable) configuration (relative risk (RR): 1.77 95% confi-
dence interval (CI) 1.01e3.09; P valueZ 0.031).
Both AAA volume and diameter were larger in the
angulated group. In the angulated group, mean b angle was
80.8 (range 52e125, SD: 15.6) and mean a angle was 51.4
(range 8e98, SD: 21.1). This was significantly different from
the non-angulated group, in which mean a angle was 35.4
and mean b angle was 17.9 (p < 0.001).Technical outcomes and operative findings (Table 3)
The endovascular procedure was successfully completed in
all patients. Planned intra-operative adjunctive proceduresFigure 2 Neck angle distribution. The threshold lines represent t
a 60 threshold was chosen (45 if neck length was 10e14 mm) and
10e14 mm). These thresholds correspond to the IFU for the Endurwere performed in seven patients of the angulated group
and eight patients of the non-angulated group. One patient
in the angulated group required an unplanned intra-oper-
ative adjunctive procedure (see below). Further, one
patient from the non-angulated group needed an unplanned
postoperative adjunctive procedure e renal stent place-
ment e due to partial coverage of a renal ostium. This was
undetected intra-operatively but diagnosed within 24h due
to denovo renal impairment and hypertension. The treat-
ment was successful and resulted in complete recovery of
renal function. All adjunctive procedures are reported in
Table 3.
Endoleaks were detected intra-operatively in 22.2% and
24.6% of angulated and non-angulated groups, respectively
(Table 3). In one case, it corresponded to a type-I proximal
endoleak that was resolved with implantation of a proximal
extension. This patient is included in the angulated group
and corresponds to the only primary technical failure of this
series. All of the remaining endoleaks were type-II, and no
further action was attempted intra-operatively. No differ-
ences were found regarding duration of the procedure,
radiation exposure and contrast use.
In the first postoperative CTA, a similar number of type-
II endoleaks were detected. Notably, no type-I endoleaks
were detected at 30 days in either group. The meanhe inclusion criteria for the study e for the suprarenal (a) angle
for the infrarenal (b) angle a 70 threshold (60 if neck length
ant device.
Figure 3 Neck shape distribution. The likelihood of a non-
cylindrical shape is greater on the angulated group (RR: 1.77
95%CI 1.01e3.09) P value Z 0.031.
Severe Proximal Aneurysm Neck Angulation 197distance from the lowest renal artery and the start of the
covered stent was 2.4 mm in the angulated group and
2.3 mm in the non-angulated group.
Clinical outcomes (Table 4)
Combined in-hospital/30-day mortality was 2.2% in the
angulated group and 3.1% in the non-angulated group,
corresponding to one and two patients, respectively
(p Z 0.77). The mortality case in the angulated group
corresponded to a patient with previous kidney dysfunction
that aggravated after treatment. He was transferred to
another institution on the 10th postoperative day and died
on the 45th postoperative day due to renal complications.
In the non-angulated group, there were two deaths. TheseTable 3 Technical outcome within 30 days and operative findin
Outcome measure Angulated (
Primary technical success, no. (%) 44 (97.8)
Primary assisted technical success, no. (%) 45 (100)
Necessary adjunctive procedures, no. (%) 8 (17.8)
Planned, no. (%) 7 (15.5)a
Unplanned, no. (%) 1 (2.2)c
Intra-operative EL, no. (%) 10 (22.2)
30-day EL, no. (%) 11 (23.3)
30-day type-I EL, no. (%) 0
30-day endograft migration, no. (%) 0
Procedure duration, mean (SD) min 105.8 (25.8)
Radiation exposure, mean (SD) min 12.3 (2.3)
Contrast use, mean (SD) mL 87.6 (28.6)
Distance renal to graft, mean (SD) mme 2.4 (2.7)
Oversizing, mean % (SD) 21.4 (10.2)
EL e Endoleak; SD e Standard Deviation.
a Femoro-femoral crossover (3), iliac balloon angioplasty (2), femor
b Femoro-femoral crossover (3), iliac balloon angioplasty (3), femor
c Proximal extension cuff.
d Renal angioplasty.
e Measured as the distance between the distal end of the lowermoscorresponded to a patient with cardiac insufficiency and
known valvular disease, who required urgent cardiac
surgery and died in the postoperative period, and a patient
with previous renal and respiratory disease, who developed
severe renal insufficiency and respiratory distress post-
operatively and died on the 13th postoperative day.
The combined in-hospital/30-day morbidity was 6.7%
for the angulated group and 6.2% for the non-angulated
group. In the angulated group, this corresponded to three
patients with the following complications: one myocardial
infarction, one respiratory failure requiring ventilatory
support and two severe renal insufficiency, one needing
temporary dialysis and one deep vein thrombosis with
a sub-clinical pulmonary embolism. The latter group
included four patients with the following diagnosis: one
myocardial infarction, two respiratory failures requiring
ventilatory support and two renal failures requiring
temporary dialysis (one patient had two major complica-
tions registered). Minor complications were present in
4.4% and 6.3% of patients, respectively, and corresponded
to surgical wound haematoma (two), surgical wound
infection (one), transient amnesia (one) and unexplained
transient fever (one). There were no aneurysm-related
deaths, aneurysm ruptures or need for re-intervention in
either group.
Discussion
Proximal neck anatomy e and angulation in particular e has
been associated with significant technical difficulties and
adverse short-term outcomes.58 We believe that two
factors are mainly responsible for this: inadequacy of the
implantation material to allow for easy access, accurate
deployment and proper fixation; and excessive mechanic
and haemodynamic stress resulting from altered blood flux
patterns induced by angulation, resulting in a greatergs.
N Z 45) Non-angulated (N Z 65) P value
65 (100) 0.28
65 (100) e
8 (12.3) 0.49
7 (10.8)b
1 (1.5)d
16 (24.6) 0.77
12 (18.5) 0.54
0 e
0 e
104.4 (36.5) 0.83
13.6 (2.1) 0.69
88.4 (17.3) 0.89
2.3 (4.8) 0.90
16.1 (9.4) 0.01
al endarterctomy (2).
al endarterctomy (1).
t renal artery and the first covered stent of the endograft.
Table 4 Clinical outcome within 30 days or during hospitalization.
Outcome measure Angulated (N Z 45) Non-angulated (N Z 65) P value
Major post-op complications, no. (%) 3 (6.7) 4 (6.2) 0.77
Minor post-op complications, no. (%) 2 (4.4) 4 (6.2) 0.68
Re-intervention, no. (%) 0 0 e
Aneurysm rupture, no. (%) 0 0 e
AAA related mortality, no. (%) 0 0 e
All-cause mortality, no. (%) 2.2% (1) 3.1% (2) 0.79
Hospital stay, mean (SD), days 6.8 (11.7) 4.2 (5.7) 0.19
EL e Endoleak; SD e Standard Deviation.
198 F. Bastos Gonc¸alves et al.likelihood of endograft migration.9 The introduction of
newer devices specifically designed to treat more chal-
lenging anatomies is expected to improve results in
severely angulated anatomy, safely expanding the spec-
trum of patients amenable for this technique. The findings
of the present study confirm this hypothesis by demon-
strating a striking similarity with respect to operative
details (an indirect measure of the technical difficulty of
the procedure) and a similar early clinical outcome
between angulated and non-angulated groups.
Dillavou et al. reported their results on patients with
hostile necks, treated with the EVT/Ancure endograft
system.7 They found that the concept of active fixation and
unsupported (therefore flexible) mainbody provided good
early results. The idea is to provide adequate fixation and
minimal rigidity or columnar strength (i.e., high conform-
ability). The Endurant Stentgraft System was introduced in
2008 in the European market, featuring specific charac-
teristics that make it appealing for challenging anatomies.
These include a flexible small-diameter delivery system
that allows for easy access, a highly conformable yet kink-
resistant mainbody, suprarenal active fixation and a tip-
capture delivery system. This last attribute greatly
increases control over the deployment, which results in
enhanced proximal positioning. We confirmed this by
measuring the average distance from the lowest renal
artery to the covered part of the stent graft (reflecting the
correct proximal positioning of the device) on the first
postoperative CTA: distances were 2.3 mm in non-angu-
lated cases and 2.4 mm in angulated ones, with little
variability.
We included patients with extremely angulated proximal
necks, both in suprarenal and infrarenal locations,
measured using a previously validated, precise method.
Most patients in the angulated group were ASA III or IV and
had a Glasgow aneurysm score higher than 79, reflecting
a higher risk for open surgery. Our sample confirms previous
observations that patients with angulated proximal necks
tend to have larger aneurysms and a poorer health
status.8,10 We have also found that there is a greater vari-
ability of the neck shape in patients with angulated necks,
meaning these are less often cylindrical. This may explain
the difference in the mean percentage of oversizing
between non-angulated and angulated patients (16.1% vs.
21.4%, respectively). In fact, correcting for neck shape
resulted in no difference between groups. Importantly,
these observations of neck shape and endograft sizing had
no influence on our early results.Unplanned procedures were needed for two patients,
one from each group and both relating to the proximal
neck. A type-I endoleak was found intra-operatively in the
patient from the angulated group, and corrected by
successful implantation of a proximal extension. This may
have occurred due to increased difficulty in achieving an
adequate deployment position, as this patient had signif-
icant a and b angulation (64 and 78, respectively) and
also a short aneurysm neck (11 mm). Moreover, oversizing
was only 12%, which may have contributed to the primary
failure. Although the problem was repaired without
further early complications, it suggests that compound
anatomical adversities exponentially increase the risk of
complications and offset the treatment benefit, as previ-
ously demonstrated.11 Curiously, the other unplanned
procedure, on a non-angulated patient, was also deploy-
ment related, due to unintentional partial coverage of
a renal artery.
A EUROSTAR report has been published regarding the
influence of proximal neck angulation on early complica-
tions.8 The authors found that, in the short-term (previous
to discharge), there was a significantly higher risk of prox-
imal type-I endoleak (odds ratio (OR) 2.32, 95%
CI: 1.60e3.37, p Z 0.0001) and stentgraft migration (OR
2.17, 95% CI 1.20e3.91, pZ 0.0105). They also showed that
patients treated with the Excluder (W. L. Gore & Associ-
ates, Inc, Sunnyvale, CA, USA) device presented a signifi-
cantly higher risk of postcompletion proximal type-I
endoleak (OR 4.49, 95% CI 1.31e15.32, p Z 0.0166). The
greater incidence of type-I endoleak may result from the
inability to position the graft perpendicular to the axis of
the aorta, resulting in asymmetrical deployment. Adequate
seal in not achieved and lateral displacement forces push
the device out of the intended position.12 Highly conform-
able devices (such as the Endurant) adapt to the underlying
anatomy and therefore follow the original axis of the artery
more closely. We believe this to reduce the displacement
forces on the graft and avoid the gaps that originate type-I
endoleaks (Fig. 4).
Other authors have specifically looked into the effect of
angulation on early outcome. Sternbergh et al. have found
proximal neck angulation >40 to result in a greater like-
lihood of early adverse events, including early death
(20% vs. 0%, p Z 0.0007) and need for acute open conver-
sion (20% vs. 0%, pZ 0.0007).5 Their analysis only included
patients treated with the Talent endograft, and only
21 patients were included in the angulated groups, limiting
the results. Albertini et al. found a strong correlation
Figure 4 CTA 3-dimensional reconstruction of the abdominal aorta, pre- and post-implantation. Notice the adaptation of the
endograft to the underlying anatomy without significant change in the shape of the vessel. The first covered stent lies parallel to
the axis of the vessel.
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migration when analysing risk factors for 184 patients
treated with a home-made endovascular device.13 Two
studies found no differences in the primary technical
success and early clinical outcome among patients with or
without adverse proximal necks, although angulation was
not specifically considered. Inclusion criteria for these
studies included neck calcification, thrombus and neck
length, meaning the actual number of patients included
due to angulation was very small, again limiting the
conclusions.11,14
Other devices have also been evaluated in the treatment
of angulated anatomies. The Aorfix (Lombard Medical
Technologies, Didcot, UK) was shown to provide acceptable
results on 20 patients with adverse anatomy, with one
technical failure and one misplacement with renal artery
coverage, both attributable to angulation.15 No early type-I
endoleaks or migration was reported. Results on 37 patients
with >60 angulation using the Powerlink (Endologix Inc,
Irvine, CA, USA) device also provided good results, with
selective addition of a giant Palmaz stent for enhanced
fixation.16 They encountered one technical failure due to
vessel rupture, two (5.6%) intra-operative type-I endoleaks
and the need for two or more proximal cuffs in seven
(19.4%) patients. No migration occurred. Robbins et al.
studied the influence of suprarenal fixation on very angu-
lated aortic necks.10 In their study with 1-year follow-up,
angulation was not associated with adverse outcome. They
did notice, however, that device kinking was more frequent
in angulated cases, as a result of the stiffer body of the
endograft used (Talent, Medtronic AVE, Santa Rosa, CA,
USA). As drag forces are higher in angulated necks,9 relyingsolely on radial force for fixation seems undesirable. Our
results suggest that suprarenal fixation (and especially
active fixation) is an important aspect for the prevention of
early migration and consequent primary type-Ia endoleaks.
There are some limitations to this study, the most
important being the reduced time of follow-up, which
confines the conclusions to technical aspects and combined
in-hospital/30-day success. However, in the particular case
of proximal neck angulation, this is also the timeframe for
most complications to arise. It thus remains important to
demonstrate that there is no negative influence of angu-
lation on early outcome of EVAR or on the difficulty of the
procedure, as revealed by these homogeneous results from
three independent centres. Longer follow-up will allow for
comparison regarding late complications, in particular,
migration or secondary endoleaks, which have previously
been shown to also occur more often in angulated
cases.5,6,8,13
The non-consecutive, retrospective nature of the study
may result in significant bias. However, all patients selected
for EVARwere treated in a consecutive fashionwith the same
endograft. Patients within the angulated group were indi-
vidually appointed either to open, endovascular or no
treatment according primarily to their co-morbidities,
skewing this group towards a generally lower health status.
This did not result in any difference in the short-term, but
may do so in the future. The large EVAR practice of the
participating centres must also be accounted for, as these
results may not be reproducible in less-experienced
departments. Lastly, the relatively small numbers presented
may be insufficient to reveal differences between groups.
Nonetheless, with the exception of the study derived from
200 F. Bastos Gonc¸alves et al.the EUROSTAR registry, this study represents the largest
published series looking specifically at outcomes of patients
with severe proximal neck angulation.
Conclusion
In our high-volume centres with over 13 years of experience
with EVAR, treatment with the Endurant Stentgraft System
is technically feasible, safe and results in successful early
aneurysm exclusion regardless of the severity of proximal
neck angulation. No loss of sealing length was found in
extremely angulated anatomy, confirming the high con-
formability of this device and efficacy of the deployment
system. Duration of procedures, intra-operative contrast
use and radiation exposure time were similar in both the
angulated and the control groups, indirectly demonstrating
an absence of additional intra-operative difficulties.
The particular characteristics of this device seem to
make it appropriate for treatment of highly angulated
necks, especially in patients of high surgical risk. Mid- and
long-term data are awaited to verify the durability of the
procedure, but early results are promising and challenge
current opinion concerning the negative influence of neck
angulation on EVAR.
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